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HYDROFORMEDCOLLAPSIBLE DRIVE SHAFT 
AND STEERING SHAFT AND METHODS OF MAKING THE SAME 

Field of Invention 

This invention relates to a hydroformed drive shaft and steering shaft. 

Background of the Invention 

During a vehicle collision, torque-transminingshafts within the vehicle, such as the 
dnve Snaftorsteeri ^ 

to the shaft breaks the shaft free from its mountings and drives the shaft into the passenger 
compartment. To reduce the potential danger posed by such components, shafts have been 
constructed so as to be collapsible in an axial direction by plastic deformation of the shaft 
upon applicationof an axial force of sufficient magnitude. In general, the shaft is formed 
w,th one or more regions of reduced axial strength, so that the shaft will collapse in a 
1 5 controlled and predictable manner at such regions. 

Hydroforming of vehicle components is conventionally known to those skilled in the 
art. Inmehydroformingprocess.ablank.typicallyapieceofelong^ 
» Placed inahydroformingdie having diesurfaces with shapes and features corresponding to 
thosedesiredofthefinishedcomponent. Bothendsof the blank are sealed and 
20 h *drofonnin^^^ 

conformity with the diesurfaces. Hydroforming methods are described in U.S. Patent Nos 
5, 1 07,693, 5,233,854, 5,333,775, 4,567,743, 5,070,71 7. 5.239,852 and 5,339,667 the 
d.sclosuresofwhichare hereby incorporated by reference as preferred methods by which 
hydroforming in accordance with the present invention may be accomplished. 

Hydroformingis an advantageous method for forming metal vehicle components 
because the process is efficient and economical and produces repeatab.e accuracy in the ' 
componentsformed. The prior art has not, however, suggested a process for hydroforming a 
collapsmle shaft having torque transmittmg splines, wherein the sp.ined portion of the shaft 

sothatthesplinedportioncandeformintotheadjacentportionwhentheshaftissubjectedto 
an axial force of sufficient magnitude. 
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Summary of the Invention 

It is an object of the present invention to provide a hydroformed collapsible shaft and 
a method for hydroforminga collapsible shaft. The invention, in one form, includesa 
method ^™ngacoH^ 

3 blank into a hydroformingdie having a die cavity and expanding the tubular metal blank by 
sealmg opposite ends of said blank and pressurizing an interior of the blank with 
hydroforming fluid. A first portion of the blank is expanded to a first outer diameter and is 
engaged with surfaces ofthe die cavity defining splin es so that sp.ines are formed on the first 
poruon. A second portion of the blank is expanded to a second outer diameter and an inner 
10 d.ameter which are both greater than the first outer diameter of the first portion. 

The invention, in another form, includes a method of forming a collapsible driveshaft 
A first tubular metal blank is placed into a first hydroformingdie havi ne a first die cavity 
The first tubular metal blank is expanded into conformity with surfaces ofthe first die cavity 
by sealing opposite endsofthe first tubular metal blank and pressurizing an intenor of the 
first tubularmeta. blank with hydroforming fluid to form a first hydroformed member having 
splmesonanextenorsurfaceofoneendpo^ 
opposite end portion thereof. 

A second tubular metal blank is placed into a second hydroforming die having a 
seconddiecavity. The second tubular meta, blank is expanded into conformity with surfaces 
ofthe second die cavity by sealing opposite ends ofthe second tubular metal blank and 
pressunzmgan interiorof the second tubular metal blank with hydroformingHuid fSTorm a 
second hydroformed member having connecting portion on one end portion thereof The 
second connecting portion is cooperatively engageable with the first connecting portion ofthe 
first hydroformed member. 

The first connecting portion of the first hydroformed member is engaged with the 
second connecting portion of the second hydroformed member so as to couple the first and 
second hydroWdmembers together so that rotation of one ofthe hydroformed members 
about a longitudinal axis thereof translates into rotation ofthe other of the hvdroformed 
members. 

Brief Description of the Drawings 

Figure 1 is a partial cross-section showing a collapsible, splined hydroformed member 
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being formed in a hydroformingdie: 

Figure 2 is a cross-section showing a variable diameter portion of a collapsible 
hydroformed member disposed in a hydroformingdie: 

Figure 3 is a cross-section showing a splinedend of a collapsible hydrofonned 
member; 

Figure 4 is a cross-section showing the splinedend of the collapsible hydroformed 
member collapsed into an intermediate portion of the member; 

Figure 5 is a cross-section showing a hydroformed member having an intermediate 
portion and an end portion having an outside diameter smaller than that of the intermediate 
portion; 

Figure 6 is a cross-section of a collapsible shaft assembly; and 

Figure 7 is a transverse cross-section along the line VII - VII in Figure 6. 

Detailed Description of the Invention 

Figure 1 shows a portion of a collapsible hydroformed member, generally indicated 
by reference number 20, disposed within a hydroformingdie 70. The hydroformingdie 70 
includes an upper die portion 72 having an upper die surface 76 and a lower die portion 74 
having a lower die surface 78. A tubular metal blank formed from a plastically deformable 
material, preferably steel, is placed inside the die 70, and the upper die 72 and lower die 74 
are brought into engagement with each other so that the upper die surface 76 and lower die 
surface 78 define an enclosed die cavity. A hydroformingport 66 is inserted into a first end 
of the tubular metal blank, thereby sealing the first end of the blank, and the opposite end of 
the blank is sealed as well by a second hydroforming port (not shown). Fluid is injected 
through a central conduit 68 formed in the hydroforming port 66 to introduce the pressurized 
fluid 80 into the interior of the tubular metal blank to expand the metal blank into conformity 
with the upper and lower surfaces 76,78. 

The resulting hydroformed member 20 includes a first portion 24 having a series of 
splines 26 formed about the peripheral outer surface thereof and defining a first portion 
maximum outer diameter designated D G , The splines 26 of the first portion 24 accommodate 
the installation of a torque transmitting member, such as a gear or pulley, onto the first end 24 
of the hydroformed member 20. 

The hydroformed member 20 further includes a second portion 22 having a second 
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portion minimum outer diameter D (K and a second portion minimum inner diameter D P . First 
portion 24 and second portion 22 are preferably arranged so as to be substantially coaxial 
with each other. The second portion minimum inner diameter D B is greater than the first 
portion maximum outer diameter D 01 . Although the second portion 22 ofthe hydroformed 
member 20 is shown to have a constant cross-sectional diameter along its length, it is not 
necessary to the proper functioning of the present invention that this be the case. It is 
necessary, however, that, in the vicinity ofthe first portion 24. the second portion minimum 
inner diameterD l2 be greaterthan the first portion maximum outer diameter D 01 as will be 
explained in fuller detail below. 

The manner in which the first portion 24 ofthe collapsiblehydroformedmember 20 
is constructed and arranged so as to be collapsible with respect to the second portion 22 is 
shown in Figures 3 and 4. During a vehicle collision, an axial force, represented by the arrow 
P, can be applied to the steering and/or drive shaft of the vehicle. If the axial force P is of 
sufficient magnitude, the hydroformed member 20 will plastically deform as the fist portion 
24 is plastically forced into the second portion 22, thereby forming a first fold 28, an 
intermediateportion30 having an intermediate diameter between D c and D 01 , and a second 
fold 32. Plastic deformation ofthe member 20 absorbs a portion ofthe energy ofthe force P 
Because the inner diameter D, ofthe second portion 22 is greater than the outer diameter D 01 
ofthe first portion 24, first portion 24 can deform into the second portion 22. 

As shown in Figure 5, the hydroformed member 20 may be formed so as to include a 
third portion 34 with an outer diameter D 03 . Diameter D 03 is less than outer diameter D m of 
the second portion 22 and may be less than inner diameter D I2 ofthe second portion 22, so 
that third portion 34 will be collapsible into second portion 22 upon application of a sufficient 
axial force to the member 20. This third portton 34 may be connected with a universal joint 
in any conventional fashion. 

As shown in Figure 2, a portion of the hydroformed member 20 may include a region 

36ofvaryingcros S -sectionaldiameters,orcrenulations.comprisinga S eriesofaltemating . 
peaks 38 and valleys 40. The peaks 38 define a peak outer diameter D 0P and a peak inner 
diameter D IP , and the valleys 40 define a valley outer diameter D ov and a valley inner 
diameter D IV . The hydroformed member 20 is shown disposed in a hydroforming die 82 
including an upper die 84 having an upper die surface 88 and a lower die 86 having a lower 
die surface 90. The region 36 of varying cross-sectional diameters can be formed, such as 
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described above, by sealing both ends of a tubular metal blank disposed within the die cavity 
defined by the upper and lower die surfaces 88. 90 and introducing a hydroforming fluid 
underpressure to expand the tubular metal blank into conformity with the die surfaces. 

It can be appreciated that the bellows-like shape of the region 36 facilitates axial 
plastic deformation of the hydroformed member 20 upon the application of an axial 
compressive force of sufficient magnitude, thereby absorbing a portion of the energy of the 
axial force. 

A steering shaft assembly including a cylinder having a region of crenulations formed 
by hydroforming is described in U.S. Pat. No. 5,902,186. 

A collapsible drive shaft or steering shaft assembly is designated generally by 
reference number 60 in Figure 6. The assembly 60 comprises a firsts hydroformed member 
42 having a first end 24 formed with splines 26 and an intermediate, or second, portion 22, 
whereby the minimum inner diameter of the portion 22 is greater than the maximum outer 
diameter of the portion 24, as described above. Although not shown in Figure 6, the 
intermediate portion 22 may include one or more regions of varying diameters, such as shown ■ 
in Figure 2 and described above. A second end 50 of the first hydroforming member 42 has a 
first connecting portion formed thereon which preferably comprises alternating longitudinal 
ribs 46 and longitudinal grooves 44 (see Figure 7). The first hydroformed member 42 is 
formed by placing a tubular metal blank into the die cavity of a hydroforming die, sealing 
oppositeendsof the tubularmetal blank, and injecting a hydroforming fluid under pressure to 
expand the tubular metal blank into conformity with the surfaces of the die cavity so as to 
form the hydroformed member shown in Figure 6. 

The second hydroformed member 48 includes a first end 52 having a second 
connecting portion formed thereat. The second connecting portion preferably comprises 
alternating longitudinal ribs 54 and longitudinal grooves 56. As shown in Figures 6 and 7, 
the first and second connecting portions are preferably cooperatively engageable with each 
other. In the illustrated embodiment, the ribs 46 and grooves 44 of the first hydroformed 
member 42 interlock with the grooves 56 and ribs 54, respectively, of the second 
hydroformed member 48, so that rotation of one of the hydroformed members 42 or 48 about 
30 its respective longitudinal axis is transmitted to the other hydroformed member. 

The second hydroformed member 48 also includes an intermediate portion 62, which 
may include one or more regions of varying diameters such as shown in Figure 2 and 
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described above. A second end 64 of the second hydroformed member 48 may include a 
coupling structure, such as the coupling flange 58. for coupling the second hydroformed 
member 48. and thereby the shaft assembly 60. to an adjacent rotating mechanism, such as a 
U-joint or steering mechanism. 

The second hydroformed member 48 is formed by placing a second tubular metal 
blank into the die cavity of a second hydroforming die and expanding the second tubular 
metal blank into conformity with the surfaces of the second die cavity by sealing opposite 
ends of the second tubular metal blank and pressurizing the interior of the second tubular 
metal blank with hydroforming fluid to form the second hydroforming member 48 shown in 
Figure 6. The coupling flange 58 shown in Figure 6 is preferably a post-hydroforming 
structure and may be formed employing spinning technology, as is generally known in the 



art. 



While the invention has been described in connection with what is presently 
considered to be the most practical and preferred embodiments, it is to be understood that the 
1 5 invention is not to be limited to the disclosed embodiments, but, on the contrary, is intended 
to cover various modifications and equivalent arrangements included within the spirit and 
scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1 • A method of forming a collapsibleshaft comprising: 

placing a tubular metal blank into a hydroforming die having a die cavity: and 
expanding said tubular metal blank by sealing opposite ends of said blank and 
5 pressurizing an interior of said blank with hydroforming fluid so that (i) a first portion thereof 
.s expanded to a first outer diameter and is engaged with surfaces of said die cavity defining 
splines so that splines are formed on said first portion, and (ii) a second portion thereof is 
expanded to a second outer diameter and an inner diameter which are both greater than said 
first outer diameter of said first portion. 
10 2. A method according to claim 1, wherein during expansion of said second portion said 
second portion engages surfaces of said die cav,ty defining a region of varying cross-sectional 
d.ameters so as to form altering diameters in said second portion and thereby define discreet 
areas of longitudinal weakness in said shaft. 

3. A method according to claim 2, wherein a third portion of said tubular metal blank is 
1 5 expanded to a third outer diameter which is smal ler than said second outer diameter, said 

third portion and said first portion being disposed on opposite sides of said second portion. 

4. A method of forming a collapsible shaft, comprising: 

placing a first tubular metal blank into a first hydroforming die having a first die 

cavity; 

expanding said first tubular metal blank into conformity with surfaces of said first die 
cav.tyby sealing opposite endsof said firsttubularmetal blank and pressurizing an interiorof 
sa,d first tubular metal blank with hydroforming fluid to form a first hvdroformed member 
having splines on an exterior surface of one end portion thereof and a first connecting portion 
on an opposite end portion thereof, 

placing a second tubular metal blank into a second hydroforming die having a second 
die cavity; 

expanding said second tubular metal blank into conformity with surfaces of said 
second die cavity by sealing opposite ends of said second tubular metal blank and 
pressurizing an interior of said second tubular metal blank with hydroforming fluid to form a 
second hydroformed member having connecting portion on one end portion thereof, the 
second connecting portion being cooperatively engageable with the first connect.ng portion 
of the first hydroformed member; 
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engaging the first connecting portion of the first hydroformed member with the 
second connecting portion of the second hydroformed member so as to couple the first and 
second hydroformed members together so that rotation of one of the hydroformed members 
about a longitudinal axis thereof translates into rotation of the other of the hydroformed 
5 members. 

5. The method of claim 4, wherein said first and second connecting portions are formed 
so as to comprise alternating longitudinal ribs and grooves. 

6. A collapsible shaft, comprising: 

an integrally formed tubular member; 
1 0 said tubular member having a first portion having splines formed on an exterior 

surface thereof, said first portion having a first outer diameter, 

said tubular member having a second portion having a second outer diameter and an 
inner diameter, both of which are greater than said first outer diameter. 

7. A collapsible shaft according to claim 6, wherein said second portion comprises a 

1 5 region of varying cross-sectional diameters that define discreet areas of longitudinal weakness 
in said shaft. 

8. A collapsible shaft according to claims 6 or 7, wherein said shaft is a drive shaft. 

9. A collapsibleshaft according to claims 6 or 7, wherein said shaft is a steering shaft. 
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